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 第 1章に，本研究に関する基礎事項，従来の研究，本研究の目的を概説した． 
 第 2章に，本研究で用いた試薬類や実験手法などについてまとめて述べた． 
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   Neurovascular unit (NVU) is a conceptual unit in the brain, composed of neurons, glial cells 
such as astrocytes, microvasculatures covered by pericytes and extracellular matrix. This warns 
against focusing on only neurons and indicates the importance of investigating interactions between 
neurons and other brain cells for therapeutic approaches for neurodegenerative diseases. 
Microvasculatures in NVU have brain-specific functions called blood-brain barrier (BBB) and limit 
the transport of drugs to neurons. Although many studies have been performed for investigating 
BBB functions, an in vitro three-dimensional (3D) NVU model has not been established because of 
the gap between in vitro cell culture microenvironments and in vivo cellular conditions. Therefore, 
the aim of this study is to establish an in vitro 3D NVU model using a microfluidic device. 
   Chapter 1 summarizes the background, previous studies and objectives of this study. 
   Chapter 2 summarizes materials and methods of this study. 
   Chapter 3 describes the establishment of an in vitro brain angiogenesis model focusing on 
microvasculatures in NVU. In particular, organ-specificity of endothelial cells (ECs) is focused on, 
and brain ECs and human umbilical vein endothelial cells (HUVECs) are cultured to construct 
microvasculatures. These organ-specific microvasculatures are compared in terms of microvascular 
formation processes, endothelial barrier functions and endothelial junction protein expressions. 
Consequently, an in vitro brain angiogenesis model is successfully established. In addition, it is 
found that endothelial barrier functions are greater in brain microvasculatures compared to 
microvasculatures formed by HUVECs. 
   Chapter 4 describes the integration of brain angiogenesis and neurogenesis models toward the 
construction of an in vitro NVU structure. First, brain ECs and mesenchymal stem cells are 
cocultured to investigate cell culture conditions for inducing angiogenesis. Next, the optimized 
culture condition for angiogenesis is applied to the culture of neural stem cells (NSCs), which 
succeeds in inducing 3D neurite extension. Finally, these angiogenesis and neurogenesis models are 
combined, which results in the construction of neurovascular tissues. 
Chapter 5 describes investigation of long-term culture to construct NVU tissues including 
astrocytes. NSCs differentiate into astrocytes in long-term culture, which allows to construct a 
tissue composed of neurons, astrocytes and microvasculatures. However, further investigation is 
needed to construct more physiological NVU structures. 
   Chapter 6 summarizes the results of this study and future perspectives. 
 
 
